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1. Introauction 
validation d a t a l r 2  from the m ran sonic Self-streamlining WM 
Tunnel (m) , a t  The University of Southampton (U of S) , England, 
has pruved the feasibil i ty of streamlining tm-dimensional flexible 
walls a t  low speeds a d  up to transonic speeds, the upper limit being 
the speed where the flexible walls are jus t  supercritical. A t  th is  
conditian, breakdown of the wall setting  strategy is evident i n  that 
convergence is n e i t k r  as rapid nor as stable as for lower speeds, 
and our wal streamlining criteria are mt  always ccmpletely satis- 
fied. A t  higher Mach n-s, supercritical flaw e x t d s  'through' 
the flexible walls invalidating  the  linearised  theory used to canpute 
the imaginary f lowfields. H a w e v e r ,  supercritical flow a t  the walls 
is not a major practical problem since the aerofoil shccks so far  
observed, are locally normal to the flexible wall. Therefore, the 
shock is not  reflected and the wal i t se l f  supprts the pressure rise 
and prevents the flaw  direction change which might otherwise occur 
with a ventilated test section. A t  Mach nm&ersapproaching unity 
the shocks on the upper and lower surface of the aerofoil will move 
tamrds  the  trail ing edge and be oblique  with respect to the flexible 
walls. For a ' streamlined' wal contour the oblique shocks will not 
be reflected,  bwsver, in practice it may be necessary to adjust the 
wal contour a t  the s k k / w a l l  impinganent position to avoid reflection. 
Therefore the only major step necessary to pesmit the &ension of 
tm-dimensional testing into higher transonic speeds is the provision 
of a rapid  algoritlm to solve  for mixed flow in  the imaginary flow- 
fields. This report outlines the status of "dimensional high tran- 
sonic testing  in the Transonic Self-streamlining W i r d  Tunnel, and i n  
particular, detai ls  the pogress of adapting an algoritlm, which solves 
the Transonic Small Perturbation -tion, for predicting the imaginary 
f lawfields. 
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2. Background 
In  1980 an attempt was 
for use in  the wall s e t t i n g  
made to adapt a time marching f i n i t e  area algorithm 
s t ra tegy  of the  TSWT. This effort by B. Mason was 
submitted as a t h i r d  year undergraduate project a t  the University of 
Southampton i n  May 1983 and is e n t i t l e d  "Developnent of a Program f o r  the 
Flexible  -11 Tbnnel a t  Transonic Speeds." The algorithm, original designed to 
predict t ransonic  flow w i t h  shocks in two-dimensional turbomachinery flaw, 
employed a time mrching mthod developed i n i t i a l l y  by D e n t ~ n . ~  Due to the 
problems encountered in the accuracy of shock placement (see Figure 1) and i n  
the practical appl icat ion of the algorithm to the wall se t t ing  s t ra tegy ,  the  
time marching method proved to be unsuitable for the needs of the TSW. 
However, Mason did conclude that any fu ture  wall se t t ing  s t ra tegy  for  h igh  
transonic speeds would need to make an allowance for boundary layer  grclwth a t  
the f l e x i b l e  wall due to  sho&/boundary layer  interact ion.  
Extensive attempts to m d i f y  an ex is t ing ,  loca l ly  wr i t ten  conpressible 
subsonic streamline curvature algorithm followed, without success. Hcwever, 
the Royal Aircraft Establishment (RAE), Famborough, provided Fortran listings 
of a numerical methd that appeared to be suitable for the TSWT. Work re l a t ing  
to the adaptation of t h i s  method to our needs, and the va l ida t ion  of the 
re su l t i ng  code, forms the subject of this report. 
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3. Transonic Smal Perturbation  Software 
The software provided by RAE, Farnborough, was designed to predict tw- 
dimensional irrotational flow past l i f t i n g  aerofoils i n  w i n d   tunnel^.^ It 
was planned to u t i l i s e  the free air  option of the software in  order  to 
compute the imaginary flawfields of the TSWT. Once ins ta l led  and run on the 
TSKC computer ( D E  PDP 11/34) it became apparent that an algorithm requiring 
less mmry with faster run times would be required for practical tes t ing .  
Therefore, it was decided to enplay a less refined algorithm which was 
developed by Albone' f o r  f r e e  air  applications only. This reduced memory 
requirements frm 25.5K to 22.5K mrds, thereby reducing run times 18 
sec/iteratim to 10 sec/ i terat ion as rn overlay s t ructure  was required. The 
software was provided again by RAE, Farnborough. 
The numerical method, i n  which the TSP equation is solved, is a 
modification of the work of Murman and Cole6 and of Krupp.'  The flow is 
treated as isentropic  and i r ro t a t iona l ,  so that shocks should be weak. 
Str ic t ly ,  the  per turba t ions  to the min-stream flow caused by the presence 
of the aerofoil should be small, and the main stream Mach number should be 
close to unity. In practice for f r e e  air  it was found, t h a t  RAE TSP 
solut ions for  aerofoi ls  with non-blunt leading edges compared favorably with 
those obtained by solving the exact equation for the velocity 
even when the perturbations were far fran small  and the free-stream Mach 
numbers were as low as 0.6 (see Figures 2  and 3)  . However, it was expected 
t h a t  TSWT application of the TSP method would provide a much less severe 
test, as typical wal shapes  muld be 'represented'   aerofoils  with  sharp 
leading edges and smal thickness/chord ratios. The only ser ious 
l imitat ions of  the TsP method i n  r e l a t i o n  to its appl icat ion to TSWT is t h a t  
it is confined to freestream Mach n u n b r s  below unity. 
The RAE method involves transforming the infinite flawf ield plane i n t o  
a f ini te  square plane and a uni fom rec tangular  f in i te4 i f fe rence  mesh is 
superimposed  on the transformed plane. The disturbance potential  is 
computed with the aid of successive line over-relaxation, a t  points  formed 
by the  intersect ion of mesh lines. Therefore, the computing mesh is 
independent of aerofoil geometry, the only 'real' aerofo i l  data being 
required is the aerofoil slope a t  cornputing p i n t s   i n   t h e  x direct ion.  
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4. Adaptation of TSP Software for TSV?T 
4 -1. T e s t  Case 
 he RAF: software a s h  a few library  functions that were not 
available on the DEC PDP 11/34. The necessary alterations, minly to 
the ccmputing mesh setting-up procedure, allawed canprison of RAF: TSP 
results with those obtained a t  Southampton (see Figure 4) . The reasons 
for  the  discrepancies in s h a k  position and pressures a t  the  foot of 
the shock are unknown. It was thought that the alterations to tlae soft- 
ware coupled with a change of hardware muld have little or no effect  
on solutions. Homver, as a 'converged' solution was obtained af te r  
300 iterations on the PDP 11/34 (1 bur) , which was  a vast improvement 
on the time marching method, developnent of this  version of the TSP 
software to the TSWT continued. 
4.2. Software Alterations 
The RAE m e w  divides  the camputing mesh into  four  regions 
(see Figure  5) ,  new values for the scaled perturbation  potential  for 
points of each region being c q u t e d  once per iteration. The iteration 
cycle  canpleted by resetting the boundary corditions and d i f y i n g   t h e  
internal points by an amount proportional to the change in circulation 
fran t k  previous iteration. Hmever for TSWT applications the a a o f o i l  
'representing' t k  wal shape would be symnetrical a d  a t  zero incidence, 
hence without circulation. This allowed the  deletion of the modification 
to scaled  perturbation  potential fran the software, whilst reducing the 
canputing mesh to three regions (see Figure 6) . The other major altera- 
tion was t o  create a uniform concentration of mesh points over the aero- 
foil,   instead of having a concentration a t  the  leading edge where the 
gradients are largest, as accuracy in the  prediction of shock location 
was of paramount importance for TSWT applications,  whilst there is  170 
equivalence to the leading edge activity. It m y  becane necessary to 
concentrate points around the expected shock position. The above 
alterations coupled w i t h  m y  minor ones reduced the required mry 
of the TSP software for TSWT applications to 1 5 K  mrds  a d  reduced run 
time to 4 =/fine mesh iteration. 
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5. Validation of TSP Method f o r  TswT Applications 
5.1. Run 184 
I n i t i a l   v a l i d a t i o n  of the U of S TSP software used ex is t ing  data 
fran an earlier run of the test sect ion a t  an appropriately high Mach nwlber 
(Run 184). For th i s  run  the  aerofoil being tested was a NACA 0012-64 
section a t  4.0° incidence with a freestream Mach number of 0.8862. A t  t h i s  
condition supercrit ical  f low had reached both f l ex ib l e  walls but the 
exis t ing  wall s e t t i n g  strategy had contoured the walls to what it declared 
to be 'streamlined' shapes. This was believed to be reasonable since there 
was fair  agreement with the pressure distribution on the aerofoil tested i n  
TSWT and the  data derived independently in a conventional slotted test 
sect ion (see Figure 7 ) .  It should be noted t h a t  no allowance w a s  made by 
the  wall se t t i ng  s t r a t egy  for wall boundary layer thickening due to shock 
interact ion.  Mason did experiment in making crude provision for wall 
boundary layer  growth f o r  Run 184 with some success. Therefore 'exact' 
agreement of Run 184 data with results obtained from the  TSP method was not  
expected. Also it m u l d  not be expected to predict the  rise i n  Mach number 
j u s t  downstream of the shock exhibited by the  top wall of Run 184 (see 
Figure 1) as t h i s  was due to choking of the flow between the thickening 
model wake and the wall boundary layer .  Ini t ia l  val idat ion of  the TSP 
method was confined to the top wall of FLm 184, as t h i s  was a mre critical 
case than the bottan wall. 
5.2. Wall &mesentation 
Ixlring early val idat ion of the TSP method the  top was represented 
i n  t h e  software by an aerofoil incorporating a 'closer' scheme or by an 
aerofoi l  with a 'open' ( b l u n t )  t r a i l i n g  edge. Later m r k  included  an 
aerofoil with  an  'open'  extension. me various geometries are i l l u s t r a t e d  
on Figure 8. 
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5.3. €&laxation  and  Converuence  Parameters 
The  rate of convergence  to  an  'acceptable'  solution s accelerated 
by adopting  the  standard  technique  of  successive  line  over-relaxation.  The 
relaxation  parameter  value  being  varied  according  to  whe,ther  the  equation is 
hyperbolic or elliptic and whether  coarse  of  fine msh calculations  are 
king performed.  The  relaxation  parameter  values  suggested by Albone4  for 
typical  aerofoils  when  applied to aerofoils  'representing'  the  top  wall  of 
Run 184 resulted  in  non-convergence.  This  problem  was  rectified by 
adjusting  the  relaxation  values  until  optimum  values  resulting  in 
convergence  were  obtained  for  this  application. 
After  each  iteration  the  maximum  change  in  scaled  perturbation 
potential  on  the  aerofoil  surface  is  calculated,  convergence  being  achieved 
when  the s value  is  considered  suitably small, this  value  being known as 
the  convergence  parameter.  For Fbn 184 the  convergence  parameter was taken 
to be the  value  that  obtained  results  that  were m m e than  f0.05% 
different  from  results  obtained  using  the  convergence  parameter  suggested by 
Albne .4 This  reduction is thought  to be reasonable  when  the  accuracy  of 
data  acquisition  of  the TSWT is considered,  and  has  the  effect  of  reducing 
the  required n&r of  iterations by more  than  tvm  thirds. As the  wall 
shape  of Run 184 is thought  to be fairly  'typical'  for  high  transonic 
testing,  the  relaxation  and  convergence  parameters  of F!un 184  should be 
applicable  to a wide  range  of  tests  involving  supercritical  flow  at  the 
walls. 
5.4.  Validation  Fksults 
Whilst  confident  validation  using  existing  data is not possible,  it 
appears  that  the TSP method  offer  real  potential  for TSWT applications  (see 
Table 1 and  Figures 9, 10, 11). 
Encouragement can be  gained from the  following:- 
a)  Solutions  obtained  fran  the  various  aerofoils  'representing'  the 
wall  shape do m differ  significantly. 
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b) Consistent  prediction  of  shock  location  being  dcrwnstream  of  the 
experimental  position  reinforces the view  that an allowance  should be made 
for  wall  boundary  layer  growth  due  to  shock  impingement.  Ekperimental 
evidence  indicates  that  the  predicted  shock  would mve upstream  if  such an 
allowance  was  made. 
c)  The  iterative  nature  of  the  streamlining  cycle  demands  that run 
times  for  computing  the  imaginary  flowfields  should  be  short.  Present TSP 
computing  times  of 3 to 6 minutes  with  this  tunnel/camputer  combination  are 
more  than  adequate  for  practical  testing. 
It  should be noted  that  the  chord  of  the  aerofoil  'representing' 
the  wall  contour  will be at  least  44",  whilst  the  chord  of  the  aerofoil 
being  tested  will be in  the  region  of  4".  Therefore a small  error  in  shock 
location  relative to chord  in  the  imaginary  flow  calculation  may  become 
significant  when ampared to the  actual  shock  position  of  the  aerofoil  being 
tested.  Therefore  concentration  of  mesh  points  around  the  expected  shock 
position  may  be  necessary  for  our  application  of  the TSP me od. 
5.5 Mach  Number  Range 
The  intended  range  of  application  of the TSP method  for TSWT 
purpxes is  fran  when  the  walls  first become supercritical,  to  free-stream 
Mach  numbers  just  below  unity.  For  the  top  wall  contour  set  for Run 184  the 
former  condition is predicted by the TSP method to  be  reached  when  the  free- 
stream  Mach  number is just  0.82.  Therefore, as l?un 184 wall shape  is 
thought to be  fairly  'typical'  for  high  transonic  testing  the  likely  Mach 
number  operational  range  of  the TSP method is from  about  0.8  to 1.0. 
Converged  solutions  for  this  wall  have  been  obtained  for  Mach  nurnbers  up  to 
0.95  when an aerofoil  with a 'closer'  scheme  has  represented  the  wall  and 
0.92 for an 'open'  aerofoil.  The  camputing  times  at  these  Mach  numbers  were 
15  and  25  minutes  respectively,  experiences  suggesting  an  inverse  Mach 
n-r/iteration  relationship. 
Attempts  to  achieve  convergence  at  higher  Mach  numbers by adjus.ting  the 
relaxation  parameters  during  computation  have  failed.  This  may  not  prove to 
be a problem  in  practice,  since  the  streamlined  wall  shapes  at  Mach  nlrmbers 
approaching  unity  are  likely  to be significantly  different  frcm  those  of  Run 
184. ' 
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6 .  Prediction  of -11 Boundarv  Lavers 
It  has becane apparent  that  the  extension  of  two-dimensional  testing 
into  high  transonic  speeds  not  only  requires  the  provision  of a rapid
algorithm  to  solve  for  mixed  flows  in  the  imaginary  flowf  ields,  but  the 
prediction  of  wall  boundary  layer  growth  due  to  shock  impingement  is  also 
necessary. 
The  existing  wall  setting  strategy  references  the  wall  displacements  to 
'aerodynamically  straight'  contours" and assumes  that  the  imaginary 
flowfields  over  the  'straight'  contours  are  undisturbed.  Variations i  wall 
boundary  layer  displacement  thickness  are  calculated  but  are  not  employed  by 
the  wall  setting  strategy.  The  calculations  use a numerical  solution  of  the 
Von  Karman  Momentum  Integral  equation  for a tu bulent  boundary  layer  and 
predicts  the  ratio  of  boundary  layer  displacement  thickness  across  the  shock 
to be in  the  region  of  1.2  for  the  top  wall  of  Run  184 (see Figure  12).  For 
the same oondit  ions  values  predicted by the mre &ern  Green'  and Bshotko 
and  Tucker"  methods  are  in  the  region  of  1.4  to  1.5.  Therefore  the 
existing method for  calculating  wall  boundary  layer  displacement  thickness 
is considered  inadequate  for  adoption  into  any  future  wall  setting  strategy 
designed  for  high  transonic  testing. 
Green's'  method  for  predicting  the  behaviour  of  turbulent  layers  in 
two-dimensional  and  axi-symmetric,  adiabatic  compressible  flcw  takes  account 
of  the  influence  of  the  upstream  flow  history  on  the  turbulent  stresses. 
The  method  employs  the  momentum  integral  equation,  the  entrainment  equation 
and  an  equation  for  the stremise rate  of  change  of  entrainment 
coefficient.  The  accuracy  of  the  method  in  flow  at  constant  pressure is 
ensured by its  derivation,  but  the  available  experimental  data does not 
enable its accuracy  in  flow  with  strong  pressure  gradients  to be assessed 
with  any  finality.  However, as the min virtue  of  the  method is its  speed 
and  that  it  takes  account  of  longitudinal  surface  curvature,  it is intended 
to use  the method in  the  wall  streamlining  strategies  used  in  high  subsonic 
testing.  Prediction  of  wall  boundary  layers  for TSWT purposes  should  be 
within  its  capabilities.  The  software  has  already  been  installed  in  the 
computer  and  the run time  for a typical  case is twenty  seconds (see Figure 
12). 
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7. Proposed Future Mrk 
Present  high transonic data obtained fran the TENT is inadequate 
for further validation of the TSP method. Therefore t o  allow high 
speed o p r a t i m  of the tunnel ard hence further  validation, it will 
be necessary to:- 
a) incorporate the TSP software into the existing control software 
of the m. 
b) u t i l i s e  Green's metkd for predicting the developnent of wall 
boundary layer  in  the wal set t ing  s t ra tqy,  i n  order to make an allow- 
ance for wal bodary layer gruwth due to shock impirqment. 
Implaentation of the W e  will allow further high speed valida- 
tion testing, which is planned to canmence i n  la te  1983. During further 
validation it may become necessary to increase  the  concentration of 
mesh pints around the expected shock position i n  order to increase the 
accuracy  of s h k  location  predicted by tbe TSP mew. 
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8. Concluding Fkmarks 
Initial validation  suggests that tbe TSP algorithm does offer 
real  potential in e x w i n g  the two-dimensional  operational range of 
the TSWI' into higher  transonic speeds. Prediction of  the wall boundary 
layer grawth due to shock impingewnt should  allow further progress. 
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I 
~ 
Tvpe of wall 
Position of Time required for Con- Mesh Iterations Parameter Representation 
Approximate Ccanputing Fine Mesh Iterations Max. Coarse Convergence 
vergence S h k  Relative 
to  Run 184 Data 
Aerofoil w i t h  
'Closer Scheme 
1" downstream 3 mins 31 45 0 .m1 
Aerofoil w i t h  
'Open' Trailing 
w e  
0 .oooO7 1.5" dawnstream 2.5 mins 17 70  
Aerofoil w i t h  
sion 
'open' Ekten- 1.2'' downstream 6 mins 73 70 0 .oooO7 
Table 1: Validation Results of Fhn 184 (Moo = 0.8862) 
FIG. 1 V A L I D A T I O N  OF TIME M A R C H I N G  PROGRAM 
MACH N0.m 8.8862 EXTSTIW EW. DATA (RUN 184) 
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X 
1 
e.m 
I I I I I I I I I I I I I I I I I I I I I i 
8.9 4.8 8.8 12.13 l6.B 28.8 24.0 28.8 32.8 aW8 48.8 44.) 
MACH NO. DISTRIBUTION ALONG TOP WALL INCHES 
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- 0 - 4  
-0.6 
0 0 0  RAE TSP so lu t ion  
'Ekact ' so lu t ion  
(Bauer, Garabedian a d  K o r n )  
Fig. 2: Comparison of calculated pressure distributions 
RAE 2822 M ,=0-725, d =  f.QOo 
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(Bauer, Garakedian and Korn) 
f i g .  3: Comparison of calculated pressure distributions 
R A E  2822, M,=0.725, d = 2 * 6 2 O  
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2o } Coarse Mesh N = 10 
p = Normalised Circulation 
4 = Perturbation Potential 
= 40 } Fine Mesh 
N = 20 
FIG. 5 RAE COMPUTING P L A N E  ( Z  - X) 
- 17 - 
Z 
A 
4 = 0  
I 
Region @ I 
\ I 
Region 
I 
I 1 2 3 4 5 -  I Aerofoil Slit 
- I  
b I  N +1 
I N 
I N-1 
~~ 
1 2 z = o  L 2L+1 )( 
+I 
= 2o } Coarse Mesh N = 1 0  
4 = Perturbation Potential 
= 40 } Fine Mesh N = 2 0  
FIG. 6 UNIVERSITY OF SOUTHAMPTON  COMPUTING P L A N E  (Z  - X )  
P 18 - 
-1 00 
Upper surface 
“I 00. 
0 NASA r e s u l t s  
Run I84 results 
0 
I 00 I 
t -0.5 
I I I I I 
20 40 50 80 100 
percent chord 
0.5’ 
Lower surface 
Q 
I I I I i 
20 40 60 80 100 
percent chord 
FIG. 7: COMPARISON OF NASA  ND RUN 184 P R E S S U R E   D A T A  FOR NACA 0012-64 S E C T I O N  
AT 40 I N C I D E N C E ,  “EO. 886 
TOR Wa It Cont'our 
Jack 1 Jack 19 
Y 
Aerofoil with 
'Closer' Scheme 
Y 
0" Aerofoil with 
'Open Tra i I i ng 
Edge (1.e.  no 
'Closer') 
Y 
t 0" 
Aerofoi I With 
'Open' Extension 
FIG, 8 TOP WALL REPRESENTATION OF RUN 1 8 4  
- 20 - 
FIG. 9 V A L I D A T I O N  OF WALL TSP PROGRAM 
MACH NO.= 0.8862 i Ex262p(B E%P. DATA WJN 184) 
X YSP RCWLTS C W I M  
x 
1 
0 . a  .I
I I I I I I I I I I I I I I I I I I I I 1 I 
0.8 4.8 8.8 12.8  16.8 =.e 24.) 28.8 S2.8 rn.8 a.8 44.8 
MACH NU. DISTRIBUTION ALONG TOP WALL 
INCHES 
0.m ' 
FIG. 10 V A L I D A T I O N  OF WALL TSP PROGRAM 
MACH N0.m 8.88)62 
X 
MACH NO. DISTRIBUTION ALONG TOP WALL UICHES 
FIG. 1 1  VALIDATION OF WALL  TSP  PROGRAM 
1 X X 
MACH NO. DISTRIBUTION ALONG TOP WALL WQES 
u) 
# 
W z 
Y u 
H 
X 
I- 
. 
A . 
m 
FIG. 12 COMPARISON OF B .L .  CALCULATIONS 
x BIEeENs mH00 88 12 - 
.I 
0. la = 
X - x 
x x 
I 
t 
o m  - X t 
X I 
I 
X 
a m  - 
x X  I .I 
It 
X X  
I 
X * 8.81 - S X  I 
I t x  X 
I X II r =  
I 
0.64 - 
I 
a m  I I I I I I I I I I I I I I I I I I I I I I 
0.8 4.8 8.8 12.8 1e.e 2e.o 24.8 m.m S.8 -08 *.a 4488 
DISTANCE ALONG TEST SECTION CINCHES) 
1. Report No. 
NASA CR-3785 
4. Title and Subtitle 
THE  STATUS  OF ANALYTICAL PREPARATION FOR TWO-DIMENSIONAL 
.~ . .~ 
2. Government Accession No. 
_ _ _ _ .. " . 
3. Recipient's C a t a l o g  No. 
- 
. . - ~ . .  " -. ~ 
5. Report  Date 
March 1984 
TESTING AT HIGH TRANSONIC SPEEDS I N  THE UNIVERSITY OF 
SOUTHAMPTON  TRANSONIC SELF-STREAMLINING WIND TUNNEL 
7. Author(s) 
6. Performing Organization &de 
". - " .  
8. Performing Organization Report No. 
M. C. Lewis 
10. Work Unit  No. 
9. Performing Organization Name and Address 
U n i v e r s i t y   o f  Southampton 
Department o f  Aeronaut ics  and Ast ronaut ics  
Hampshire,  England 
NSG-7172 SO9 - 5NH - Hants 
11.  Contract or Grant No. 
Nat iona l   Aeronaut ics   nd  Space A d m i n i s t r a t i o n   C o n t r a c t o r   R e p t  
. 13. Type of Repon and Period Covered 
12. Sponsoring  Agency Name and Address 
I Washington, D.C. 20546 14. Sponsoring Agency Code 
I 
15. Supplementary Notes 
Lang ley   Techn ica l   Mon i to r :   Char les  L. Ladson 
505-31  -53-10 
- 
V a l i d a t i o n  d a t a  f r o m  t h e  T r a n s o n i c  S e l  f - S t r e a m 1  i n i  n g  W i n d  T u n n e l ,  
a t  The U n i v e r s i t y   o f   S o u t h a m p t o n ,   E n g l a n d ,   h a s   p r o v e d   t h e   f e a s i b i l i t y  o f  
s t r e a m l i n i n g   t w o - d i m e n s i o n a l   f l e x i b l e   w a l l s   a t   l o w   s p e e d s   a n d   u p   t o  
t r a n s o n i c   s p e e d s ,   t h e   u p p e r  limit b e i n g   t h e   s p e e d   w h e r e   t h e   f l e x i b l e  
I w a l l s   a r e   j u s t   s u p e r c r i t i c a l .  A t  t h i s   c o n d i t i o n ,   b r e a k d o w n   o f   t h e   w a l l  
s e t t i n g   s t r a t e g y   i s   e v i d e n t   i n   t h a t   c o n v e r g e n c e   i s   n e i t h e r   a s   r a p i d   n o r  
a s   t a b l e   a s   f o r   l o w e r   s p e e d s ,   a n d   o u r  w a l l  S t r e a m l i n i n g   c r i t e r i a   a r e  
n o t   a l w a y s   c o m p l e t e l y   s a t i s f i e d .   T h e   o n l y   m a j o r   s t e p   n e c e s s a r y   t o  
p e r m i t   t h e   e x t e n s i o n   o f   t w o - d i m e n s i o n a l   t e s t i n g   i n t o   h i g h e r   t r a n s o n i c  
s p e e d s  i s   t h e   p r o v i s i o n  o f  a r a p i d   a l g o r i t h m   t o   s o l v e   f o r   m i x e d   f l o w   i n  
t h e   i m a g i n a r y   f l o w f i e l d s .   T h i s   r e p o r t   o u t l i n e s   t h e   s t a t u s   o f   t w o -  
d i m e n s i o n a l   h i g h   t r a n s o n i c   t e s t i n g   i n   t h e   T r a n s o n i c   S e l f - s t r e a m l i n i n g  
W i n d   T u n n e l   a n d ,   i n   p a r t i c u l a r ,   d e t a i l s   t h e   p r o g r e s s   o f   a d a p t i n g   a n  
a l g o r i t h m ,   w h i c h   s o l v e s   t h e   T r a n s o n i c  S m a l l  P e r t u r b a t i o n   E q u a t i o n ,   f o r  
p r e d i c t i n g   t h e   i m a g i n a r y   f l o w f i e l d s .  1 
I 
17. Key Words  (Suggested by Author(s)) , Aerodynami  cs 
A i  r f o i  1 s 
Transonic  Wi nd Tunnels 
I Adapt ive  Wal l  Wind Tunnels 
I 
18.  Distribution Statement 
U n c l a s s i f i e d  - U n l i m i t e d  
Star  Category - 02 
I 
19. Security Classif. (of this report) 20. Security Classif. (of this page)  I 21. No. of Pages I 22. Rice 
1 U n c l a s s i f i e d  I U n c l a s s i f i e d  I 27 A0 3 
I.- jC'. 
